Abstract. Nuclear structure of the Po and Rn isotopes is theoretically studied in terms of the spherical shell model with the monopole-and quadrupole-pairing plus quadrupolequadrupole effective interaction. The experimental energy levels of low-lying states are well reproduced. The shell model results are examined in detail in a pair-truncated shell model. The analysis reveals the alignment of two protons in the 0h 9/2 orbital at spin 8.
Introduction
Low-lying states in the light actinide region are successfully interpreted in terms of a few valence particles or holes with respect to the doubly magic nucleus 208 Pb. For example, the measured magnetic moments of the isomeric 8 + 1 states in 206−214 Rn were assigned to be the proton (0h 9/2 ) 4 configurations to these states [1] . The low-lying near-yrast states were analyzed in terms of the interacting-bosonapproximation plus two quasi-particle model [2] , where one of the bosons is replaced by a pair of nucleons coupled to angular momentum J ≥ 4. A good agreement with experiment was achieved for both the energy spectra and electromagnetic transitions. Recently, many experimental investigations have been made not only for the low-lying states, but also for the high-spin states in this mass region [3] [4] [5] [6] . For some nuclei, high-spin yrast isomers are interpreted as arising from neutron core excitations [5, 6] .
In this paper, the band structures of the Po and Rn isotopes are studied in terms of the full-fledged shell model. Calculated energy levels are compared with the experimental data and wave functions are analyzed in terms of a pair truncated shell model.
Shell Model Calculations
For single-particle levels, all the six orbitals 0h 9/2 , 1 f 7/2 , 0i 13/2 , 1 f 5/2 , 2p 3/2 , and 2p 1/2 are considered in the major shell of 82<N(Z)<126 for neutrons (protons), and valence neutrons (protons) are treated as holes (particles). Adopted single-particle energies are extracted from experimental values of 207 Pb [7] and 209 Bi [8] , which are listed in Table 1 . The phenomenological monopole and quadrupole pairing plus quadrupole-quadrupole interaction is employed as an effective interaction. The Hamiltonian is explicitly written as where c † jmτ is a nucleon creation operator, and ( j, m) represents a set of quantum numbers necessary to specify the state (n, ℓ, j, m). The interaction strengths among identical nucleons, G 0τ , G 2τ , and κ τ are adjusted to fit the experimental data for singly closed nuclei, and those between neutrons and protons, κ νπ , are determined to reproduce the energy levels for open shell nuclei. The determined strengths of interactions are G 0ν = 0.130, G 2ν = 0.010, κ ν = 0.008, G 0π = 0.110, G 2π = 0.000, κ π = 0.038, and κ νπ = −0.040 (G 0τ in units of MeV, and G 2τ and κ τ both in units of MeV/b 4 ). It should be noted that the interaction strengths adopted in the present calculations are assumed to be the same for all the nuclei. The calculations are performed using the computer code MS [9] .
In Figs. 1 and 2 , the measured spectra for even-even Rn and Po isotopes are compared with the shell model results. Experimentally, the level spacings between the adjacent yrast states decrease monotonically as spin I increases up to spin 8. The 8 Po. The experimental data are taken from Refs. [13, 14] .
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In order to investigate collective behavior at low energies and the effect of the single particle excitations above spin 8, the energy spectra in the shell model are compared with those in a pair-truncated shell model (PTSM) [10, 11] . In the present scheme, the building blocks of the PTSM are mainly the angular momenta zero (S ) and two (D) collective pairs, and non-collective H pairs. The S and D pair-creation operators are defined as
where the pair creation operator of two nucleons in the orbitals j 1 and j 2 with total angular momentum J and its projection M is defined as
